Regulation of neurotransmitter receptor localization is critical for synaptic function and plasticity. In this issue of Neuron, Matsuda and colleagues (Matsuda et al., 2016 ) uncover a transsynaptic complex consisting of neurexin-3, C1q-like proteins, and kainate receptors that drives glutamate receptor clustering at hippocampal synapses.
Over the past decades, a substantial amount of work on synaptic recruitment of neurotransmitter receptors focused on cytoplasmic scaffolding molecules that attach to the cytoplasmic tails of the neurotransmitter receptors and adhesion molecules (Kim and Sheng, 2004) . However, in many cases loss-offunction phenotypes for such cytoplasmic regulators have been subtle, indicating that additional mechanisms exist that contribute to neurotransmitter receptor recruitment. In studies on the mouse cerebellum, the laboratories of Mishina and Yuzaki independently discovered that glutamate receptor recruitment at parallel fiber synapses depends on a small, extracellular protein called cerebellin-1 (Cbln1) (Matsuda et al., 2010; Uemura et al., 2010) . Cbln1 is secreted from parallel fiber axons and constitutes a tripartite complex between the presynaptic adhesion molecule neurexin and the postsynaptic glutamate receptor GluD2 (Figure 1 ). Loss of either Cbln1 or GluD2 results in the detachment of pre-and postsynaptic membranes, indicating that the tripartite complex is indeed essential for synapse formation in vivo. Given that the expression of Cbln1 and GluD2 is largely restricted to the cerebellum, this neurexin-Cbln1-GluD2 module for synapse assembly has been considered an exceptional case, rather than a more broadly applicable principle.
However, there are additional Cbln1-related proteins, including Cbln2, Cbln3, Cbln4 and the C1q-like family proteins (C1ql1-Cbln4), that share structural properties with Cbln1 and have more widespread expression in hippocampus, striatum, and cerebellum (Iijima et al., 2010) . Matsuda and colleagues now explore the function of C1ql2 and C1ql3, which are highly expressed in dentate granule cells of the hippocampus and concentrated in mossy fiber terminals (MFs). While MF synapse structures appear to develop normally in C1ql2/3 null mice, there is a major reduction of Gluk2/4-containing glutamate receptors at postsynaptic sites in CA3 neurons. Similar to GluK2/4, postsynaptic localization of the Neto1, an auxiliary kainate receptor (KAR) subunit (Straub et al., 2011) , is reduced in C1ql2/3 knockout hippocampus. Conversely, genetic removal of KARs selectively from CA3 neurons results in a dramatic reduction of C1ql2/3 proteins from MF terminals.
In vitro, C1ql2/3 proteins bind with micromolar affinity to the amino-terminal domain (ATD) of KAR subunits GluK2 and GluK4, as well as the AMPA-type glutamate receptor subunit GluA1. Thus, direct extracellular coupling between C1ql2/3 and these subunits is proposed to mediate synaptic recruitment of those KARs. The biological relevance of the C1q-like binding with GluA1 remains to be explored.
To further probe the functional importance of the C1ql2/3-KAR interaction, Matsuda and colleagues turned to an epilepsy model. In temporal lobe epilepsy, MF sprouting and accumulation of KARs have an important contribution to pathological recurrent excitation of dentate granule cells (Lerma and Marques, 2013) . Interestingly, in C1ql2/3 mutant hippocampus these pathological changes, as well as the extent of epileptic seizures, were significantly reduced. Thus, C1ql2 and C1ql3 proteins represent critical regulators of KAR recruitment in normal development and under pathological conditions.
The extracellular coupling between C1q-like soluble proteins and the ATD of postsynaptic KARs represents an intriguing parallel to the Cbln1-GluD2 complexes in the cerebellum. Given these analogies, Matsuda and colleagues hypothesized that C1ql2/3 proteins at hippocampal mossy fibers may form a ternary complex with neurexins in MF axons. They discovered that C1ql2 and C1ql3 bind to neurexin-3, and, interestingly, this interaction is selective for one particular neurexin-3 splice isoform. All three neurexin genes undergo extensive alternative splicing at up to six alternatively spliced segments (Schreiner et al., 2014; Treutlein et al., 2014) (Figure 1A ). Through alternative combinations, the neurexin genes have the potential to generate more than 12,000 neurexin transcripts. Of these, over 1,000 can be detected in the adult brain, and cell-type-specific isoform expression may underlie a molecular code for synaptic specificity (Schreiner et al., 2014) . The in vitro studies by Matsuda and colleagues provide strong evidence that C1ql2/3 interact with neurexin-3 isoforms that contain a sequence encoded by an alternative splice acceptor site at the alternative segment 5 (exon 25b; Figure 1B) . Additional work will be needed to probe whether these interactions indeed are crucial for the transsynaptic KAR recruitment at MF synapses in vivo. Regardless, this work significantly extends the neurexin ''interaction code,'' adding splice isoform-specific binding partners that may shape synaptic specificity. Notably, the Cbln1-neurexin interaction is also splice isoform specific but depends on an alternative splice insertion at a different site (the alternatively spliced segment 4; Figure 1C ). Thus, interactions with Cbln1 and C1ql2/3 can be regulated independently at the level of neurexin-3 alternative splicing.
The novel findings on the importance of extracellular interactions add to an emerging theme that neurotransmitter receptors themselves engage in extracellular interactions that drive receptor recruitment and, in some cases, modify synaptic structure. The first example identified for such extracellular recruitment mechanisms was the neuronal activityregulated pentraxin, a secreted protein that binds to and clusters synaptic AMPA receptors (O'Brien et al., 1999) . Subsequently, similar mechanisms were uncovered for NMDA receptor recruitment in the mouse forebrain, in particular by the postsynaptic adhesion molecule neuroligin-1 and the receptor tyrosine kinase EphB (Budreck et al., 2013; Dalva et al., 2000) . Moreover, in C.elegans GABA A receptor accumulation is regulated by extracellular binding between the secreted punctin, postsynaptic neuroligin, and the immunoglobulin domain of protein DCC (Tu et al., 2015) . Such extracellular linkages provide a direct communication between pre-and postsynaptic membranes and, thus, represent attractive mechanisms for matching axonal release sites with their appropriate neurotransmitter receptors. In fact, these complexes may resemble functional platforms for the subsequent recruitment of cytoplasmic scaffolds downstream of the postsynaptic neurotransmitter receptors.
The neurexin-C1ql2/3-GluK2/4 triad is predicted to rely on neurexin alternative splicing, presynaptic co-expression of C1ql2/3 proteins, and the cognate interaction site within the ATD of the postsynaptic neurotransmitter receptor. Together, these components represent a code that specifies a transsynaptic module for postsynaptic properties. Ongoing work should explore whether and how C1q protein expression and alternative splicing programs are linked to cell identity to instruct aspects of functional synapse specification.
Finally, ATDs of ionotropic GluRs have been implicated in receptor trafficking and localization. However, emerging structure-function studies reveal interesting features that implicate the ATDs in allosteric modulation that modifies channel gating properties and agonist potency (Herguedas et al., 2016) . Thus, the extracellular synapse specification modules may not only contribute to receptor recruitment but also to the functional regulation of channel properties and synaptic plasticity. (B) Model of neurexin-C1ql2/3-GluK2/GluK4 complexes at mossy fiber-CA3 synapses in the mouse hippocampus (ATD, amino-terminal domain; LBD, ligandbinding domain). Matsuda and colleagues hypothesize that presynaptic neurexin-3 beta lacking the alternative insertions at AS5 but containing sequences encoded by the alternative splice acceptor site (exon25b) serves as a presynaptic receptor for C1ql2/3 proteins. Considering that the vast majority of endogenous neurexins are alpha isoforms (Schreiner et al., 2015) , both alpha and beta neurexin are displayed in the cartoon. (C) Model of neurexin-Cbln1-GluD2 complexes at parallel fiber synapses in the mouse cerebellum (based on Matsuda et al., 2010; Uemura et al., 2010) . Here, interaction of Cbln1 with neurexins relies on an alternative splice insertion at the alternatively spliced segment 4.
